Background: Financial barriers are a recognized major bottleneck of access and use of health services. The aim of this study was to assess effectiveness of a community based health insurance (CBHI) scheme on utilization of health services as well as on mortality and morbidity.
Background
Community based health insurance schemes are based on the premises of risk-pooling and community solidarity to risks of falling sick and are conceptually designed to provide financial protection and reduce out-of-pocket for care for health [1, 2] . By providing this financial protection, community based health insurance schemes could potentially increase access and utilization of health services (Figure 1 ), and thus increase antenatal care and institutional delivery [3] . Indeed, in the endeavour of protecting the community against a brutal and unaffordable cost of illness, the community based health insurances schemes need to make sure that there is no adverse selection or moral hazard [4] in terms of enrolment and use of health services, or drop-out [5] . The evidence on effectiveness of community based health insurances schemes has been mixed. Penetration rates (enrolment rates) of CBHI schemes are often low, ranging between 3% to 5% of the targeted population and rarely 10% [6] [7] [8] . Carrin G et al. [9] reported that the achievements of CBHI in terms of revenue collection, pooling of resources and purchasing of services were very modest, and the effectiveness of CBHI in terms of quality of care or representativeness of members with regards to the targeted population was weak or inexistent [10] [11] [12] . Also, there has been report of an enrolment bias towards the least poor subset of the population, and that the level of enrolment and use of the services by the most poor was not great enough to compensate for pre-existing inequities in access [3] . Some of the premises of the CBHI schemes are to protect against catastrophic payments and to ensure access to quality care and therefore it is important for policy makers to identify most effective ways to ensure effectiveness and sustainability of community based health insurance schemes [13] . The review of previous experiences of CBHI schemes points to a selection bias in most cases, with poorest people less likely to enroll as compared to least poor [7, 14, 15] , and to challenges regarding achieving equity in access and uptake of services. The discussions about effectiveness of community based health insurance schemes are thus often around enrolment rates, drop-outs, selection bias, cost-recovery after a serious illness, or catastrophic health payments and barely about the overarching goal of utilization of quality health services and reduction of mortality and morbidity. This paper sought to contribute to the debate of effectiveness of community based health insurance schemes by assessing the effects of the Nouna community based health insurance scheme in improving utilization of quality health services and reduction of mortality and morbidity.
Methods
The surveys and data extraction were conducted from April to December May 2007.
Study site and populations
The study site is Nouna health district (Figure 2 ), a remote and rural health district situated in the North West of Burkina Faso. The area is characterized by dry weather with a mean annual rainfall of about 800 mm resulting in dry savannah vegetation. In early 1990s, a Demographic Surveillance System (DSS) was established by the Nouna Health Research Centre. The original DSS area covered 39 villages (~population about 26 000 inhabitants) and has been progressively extended to cover 58 villages and Nouna town, with a population of about 72 000 people. The density of population is about 35 individuals per square km. The population is distributed in roughly 9,500 households and composed of 65% of a rural people and 35% of Nouna semi-urban town people. The population is essentially young with children less than 15 years of age representing about 48% of the total population, and only 6.2% above 60 years of age. The inhabitants are mostly subsistence farmers and/or cattle keepers. Illiteracy is extremely high, over 80%.
The Nouna community based health insurance (CBHI) scheme
The Nouna CBHI was launched in 2004 and was developed by the Nouna Health Research Centre in collaboration with the University of Heidelberg (Germany) as an operational research to study how to improve community access and uptake of health services and how to meet the need of the poor within Nouna health district. The scheme was progressively introduced since 2004 using a steppedwedged design after almost two years of preparation. In 2004 only one third of the targeted areas was covered by the intervention, followed by another third in 2005, and the last third in 2006. The preparation phase involved structural meetings with key stakeholders, administrative clearance, several studies on barriers and facilitators of implementing such strategies, scenarios of benefit packages, valuation of health outcomes willingness-to-pay for the scheme, population revenue and affordable premium and has been extensively described elsewhere [6, [17] [18] [19] [20] . The benefit package included the minimum package of primary care services available in the district including antenatal care, laboratory exams, hospitalization fees, and transportation for emergencies. Members of the scheme are individual and families from covered health areas within the demographic surveillance system (DSS) who paid the enrolment fee (0.4 USD), and annual premium (3 USD per individual 15 years and older and 2 USD per individual less than 15 years of age). By improving perceived quality of care, by reducing out-of-pocket and by ensuring financial protection reduces the overall delay (mainly first and second), the Nouna CBHI is expected to improving utilization of quality health services and reduction of mortality and morbidity ( Figure 3 ). Thus, we can assume if the Nouna CBHI is effective one could expect a higher utilization of health services (including but not limited to antenatal care, institutional delivery, malaria, etc.) among Figure 3 Conceptual model of the Nouna community based health insurance scheme.
household members of the Nouna CBHI versus non-members. The improved utilization of health services could result in a lower mortality risk (screening, early diagnostic, access to emergency treatment) in members compared to non-members which we sought to investigate after adjusting for important determinants such as education, distance to health services and household asset ownership.
Data collection and analysis
Data were extracted from longitudinal household surveys at the Nouna Demographic Surveillance Site. The household survey sample size was 1,504 households at the time of the study, half of which were from Nouna town and the other half from surrounding villages; data were extracted on household characteristics, births, deaths and age at death, distance from village to health centers and to Nouna district hospital. In addition, a prospective survey was administered to women with experience of delivery during the last 12 months prior to the survey (April -May 2007) and data were collected on place of delivery, membership in the Nouna Community Based Health Insurance, age of the mother, anemia [21] , average distance from village to health centre, and assets ownership. Anemia was selected as this morbidity has not been investigated at the time the study was designed. Descriptive statistics and regression analyses (logistic regression and Poisson regression) were performed to assess the association of overall mortality, utilization of health services, and institutional delivery by membership to the Nouna CBHI adjusting for important covariates. We used a Poisson regression with computed person-time of all deaths (person-time of years spent before death in the DSS, since the DSS started) to investigate whether there is any mortality advantage (lower mortality risk) to any sub group and by any of the selected covariates, and assess whether there is an overall lower mortality risk among members versus non-members and by selected covariates. This method was used because the distribution of deaths is probably skewed and the person-time variable consists of nonnegative integers. The dependent variable was the person-time of all deaths in the Nouna DSS and membership in the Nouna CBHI, educational level, age, asset ownership, place the explanatory variables. Dummy variables were created reflect the time spent in the scheme.
Ethical consideration
Study was approved by ethical review boards of Centre MURAZ and the Nouna Health Research Centre (Burkina Faso).
Results
Descriptive analysis of the study populations 
Effects on utilization of health services
Using a descriptive and a logistic regression analysis to assess the effectiveness on utilization of health services adjusting for explanatory variables (Tables 2 and 3 ). There remains a statistically significant association between membership of the Nouna CBHI scheme and the utilization of health services after adjusting for the covariates. Members are 2.23 times more likely to use health services compared to non-members. Similarly, people living in Nouna villages (versus Nouna town), people with at least primary level education are 2.09, and 1.60 times more likely to use health services compared to their counterparts respectively. For asset ownership, the results are difficult to interpret. People in the second and third quintiles made greater use of health services whilst for the fourth and fifth (least poor) quintiles statistical significance was not reached.
Effect of Nouna CBHI on mortality
The question we had was whether or not members experience a lower mortality risk compared to non-members. After adjusting for distance to district hospital, household size, and education level of head of household (Table 4) , there was no statistically significant difference in overall mortality between groups of individuals whose households could not have been members in the scheme (because their area was yet to be covered by the scheme), individuals not members but whose households could have been members (areas covered by Nouna scheme), and individuals members in the Nouna CBHI scheme. There was a lower mortality risk to members by year of enrolment although there was no 'dose-response' with years spent in the scheme. However, there were significant differences by covariates in mortality risk. The risk of overall mortality among households from 0km up to 35 km away from Nouna town was 35% higher than the risk of overall mortality among the reference group (Nouna town) and the risk of overall mortality among households more than 35 km from Nouna town was 50% higher than the risk of overall mortality in Nouna town. Similarly, the risk of overall mortality among households whose head of household had at least primary school level education was 37 % lower than the risk of overall mortality among the reference group (no education level) and the risk of overall mortality among households whose head of household had at least secondary school level education was 88% lower than the risk of overall mortality among the reference group. Also, the risk of overall mortality within households covered by the scheme and members in the scheme was 88% lower than the risk of overall mortality among the reference group of households not members (because their areas were yet to be covered). Table 5 presents levels of anemia by antenatal care visits and institutional delivery. There was a significant association between severe anaemia and antenatal care visits prior to delivery, and also an association between severe anaemia and whether or not a woman delivered at a health facility. Apart from the significant association, it is also interesting to note that there were significantly more severe anaemia cases in the group of women with no antenatal care visits compared to women with at least one antenatal care visit (13 versus 5 respectively), and significantly more severe anaemia cases in the group of women who had a home delivery compared to women who had an institutional delivery (220 versus 18 cases).
Effects on anemia among women with recent deliveries

Discussions
It was not clear to us whether people used services more because they were enrolled or they were enrolled because they tended to use services more. Our results point to a selection bias in enrolment in the Nouna CBHI. This was confirmed by the mortality analysis. Although one may argue that CBHI alone may not reduce mortality rates, we can reasonably assume that, everything being equal, reduction of financial barriers could significantly reduce the delays in accessing emergency care and therefore reduce the likelihood of mortality. Our study found no "doseresponse" between the number of years of exposure to the scheme (enrolment in the scheme) and the risk of overall mortality, and no significant association between risk of overall mortality and areas covered by the scheme. Groups of individuals living close to Nouna town and in less crowded households, and individuals whose heads of household were better educated experienced a lower mortality risk compared to their counterparts living further away from the district hospital (more remote villages), staying in more crowded households, and whose heads of household had no education respectively. The observed differences in overall mortality may be due to selection bias (ie people members in the scheme tend to be better off compared to non-members in terms of educational background, asset ownership, birth cohorts, household size, distance to health services, etc.), and a possible selection bias in the step-wedge design. In fact, one may hypothesize that people living in areas covered initially may be better off compared to people living in areas covered by subsequent waves of implementation. It is not unusual when launching an intervention to begin where there is a better likelihood of success before rolling the intervention out; but then one should be cautious about any observed outcome as the results may be confounded by who the recipients were and the context of the intervention instead of the intervention itself [22] .
Regarding the data about anemia, one would expect that a greater utilization of health services may translate into a greater likelihood of early detection of anaemia among pregnant women during antenatal care visits and newly delivered women. The early detections will thus prompt care which will subsequently result in the lower prevalence of anaemia cases. These results point to fewer cases of severe anaemia among women who delivered in health facilities and this may have various interpretations. It may be that the anaemia condition triggered the visits to health facilities, hence the high prevalence (absolute numbers) of severe anaemia in the antenatal care visit category. It may well also be that compared to women who delivered at health facilities, an anaemia condition among those who delivered at home is less likely to be diagnosed and to be treated, and hence the observed lower levels of haemoglobin in the post-partum periods in which the survey took place. Another possible explanation is that low quality of care given by traditional birth attendants during delivery that could result in less control of haemorrhage during or after delivery and hence lower levels of haemoglobin in the post-partum periods for women who did not deliver in facilities. Regardless of the actual causal mechanisms, these findings confirm our assumption that a greater utilization of health services might translate into a greater likelihood of early detection of anaemia among pregnant and newly delivered women, and therefore better care and lower levels of anaemia. We could not find any difference in levels of haemoglobin by membership in the community based health insurance scheme. Finally, we could not find an association between delivery within an institution, antenatal care and membership of the community based health insurance scheme. This finding is puzzling because these associations are reasonable expectations using our conceptual framework and given that the Community Based Health Insurance scheme aimed to increase utilization of health services. However, the sample size (251 eligible women with delivery in the last 12 months before the survey), may well be too small to detect any effect, or maybe there are other factors that confound the relationship between enrolment in the Community Based Health Insurance scheme and utilization of health services.
Limitations
The inferences made were based on data collected over 4 years ago, and the evolution of health outcomes may have changed. Also financial barrier is only one bottleneck in access and uptake of quality care, and the limited recall period since the launch of the Nouna CBHI (2-3 years) may not be sufficient to observe a change in outcomes. Nonetheless, change in health outcomes should the standard practice in evaluating any health intervention.
Conclusion
There was an independent and significant association between utilization of health services and membership of the scheme even after adjusting for education level, place of residence, and asset ownership, and even with the evidence of selection bias at both the design stage and in the membership. There was no observed association between an institutional delivery, antenatal care, Log pseudolikelihood = − 9375.1604 Prob > chi2 = 0.0000. Enrolment_0 is the reference group and represents the group of individuals whose households could not have been members in the scheme because their area was yet to be covered by the scheme. Enrolment_1 = represents the group of individuals whose households could have been members (areas covered by Nouna scheme), but were not. Enrolment_2 = represents the group of individuals whose households were members, and their areas were covered by Nouna CBHI scheme, and. Person-time is defined as time spent up to death within the Nouna DSS from inception throughout 2007. Enrolment_0 is the reference group (deaths before the insurance scheme) and additional dummy variables were created (firstyear, secondyear, and thirdyear) for time spent in the scheme to assess any "dose-response" relationship. For distance, dummy variable were created in relation to Nouna town where is the district hospital (and not distance to health centers because life saving skills and equipment are mainly at the district hospital). Distance_0 = reference group for distance to district hospital (Nouna town). Distance_1 = group of households not in Nouna town and less than 35 km from the district hospital. Distance_2 = group of households at more than 35 km from district hospital.
(Size) Household size_0 = reference group (household size 1-10).
(Size) Household size_1 = group of households with more than 10 members. Education_0 = reference group for educational level (none). Education_1 = primary school level. Education_2 = secondary level or more.
levels of haemoglobin of women and membership of the community based health insurance scheme. Regarding mortality, even without actually being part of the Nouna CBHI scheme, households that could have been members (being located in areas covered by the scheme) experienced a 50% lower mortality rate compared to households not members because their areas were yet to be covered by the scheme, which point to a selection bias. We observed no significant association between memberships of the Nouna community based health insurance scheme and overall mortality within households. Given the usual low enrolment rates and the selection bias in most community based health insurance scheme, it is important for future assessments of community based health insurance schemes, exemptions fees schemes or national health insurance to focus on actual prevention of mortality and morbidities [23, 24] and not only on adverse selection, drop-out rates and catastrophic payments for health care or utilization of services. 
